tion that describes the parameters of a practice, identifies the clients, defines the required services, and sets the criteria by which the practice is evaluated. The effectiveness of information processing may determine the quality of a broad range of outcomes for clients, nurses, and institutions, including the efficacy of care, work satisfaction, and organizational productivity (Staggers, 1993) .
Increasingly, nurses must respond to data requirements from administrative, regulatory, professional, and economic forces. Concurrently, the information that forms the basis for the practice of nursing is increasing in volume and complexity. As the practice becomes more sophisticated and highly technological, the need for information management methods that assure efficient collection, storage, processing, transmission, and access is critical. The concepts and principles of nursing informatics have evolved to meet the need.
Informatics is defined as the synthesis of nursing science, information management science, and computer science to enhance input, retrieval, manipulation, and distribution of nursing data (McGonigle, 1991) . Nursing informatics is a function within nursing that supports all other areas of practice. It may be described as the melding of nursing science with non-nursing technology.
Nursing informatics is the process by which data are transformed to information and information knowledge. Knowledge lays the foundation for critical decision making that translates to more effective client interventions, more significant research initiatives, more relevant curricula, more responsible resource allocations, and advancements in the entire spectrum of important work in which nurses are engaged ( Figure) . The practice of nursing informatics includes evaluation, development and/ or adaptation of applications, tools, processes, and structures CE ART I C L E Figure: Transforming data into decisions that benefit clients.
DATA
to as sist nurses and other members of the health care team to collect, access , and transform data to knowledge (McHugh, 1993) .
Just as knowledge forms the framework from which nurses practice, it also provides the measures by which the practice is evaluated. Meaningful evaluation is the result of selecting appropriate standards, expressed as informational measures, and the comparison of observed or achieved outcomes to those standards.
THE INFORMATICS NURSE SPECIALIST
Because the design and development of appropriate systems depends on a thorough understanding of the functions and requirements of nursing practice, the job of developing information systems for use in the clinical setting is best performed by nurses. A new specialty in nursing, the "Informatics Nurse Specialist" (INS ), has emerged to meet the information management needs of nurses in many clinical, administrative, and academic specialties.
The INS collaborates with users to identify the critical 392 functions , maneuvers, reports, interfaces, and outputs of computer programs that support the practice and ultimately benefit respective clients. The INS also facilitates interfaces with other related information systems, ensuring the exchange of critical data elements while protecting the integrity of the nursing information system and the confidentiality of client data.
The ability to integrate information systems and work with members of information management teams is critical (McHugh, 1993 ) . Participation on multidisciplinary teams ensures the development of databases that reflect many perspectives and allow for multidimensional solutions.
The INS may be a dedicated staff member in large health care organizations, a private consultant, a member of management consulting firms , or staff of software and hardware companies specializing in development and sales of health related computer programs and equipment. The field of occupational health offers a rich and viable practice opportunity for nurses who specialize in health information management.
CURRENT CLINICAL INFORMATION SYSTEMS
Clearly, nurses have progressed rapidly within the past decade from using cumbersome, manual methods of handling data to automated systems. However, there is a long way to go. Present systems often are replications of older, more traditional data management processes. Entry is laborious and duplicates documentation in "hard" copy formats stored elsewhere. Data entered for one purpose frequently are not available for other uses within the system. This causes needless repetition of effort and consumes valuable time and staffing resources. It also may result in failure to integrate relevant data into decision making equations.
Present systems in many settings isolate clinical data and prevent sharing critical elements of information with safety, personnel, and benefits staff; or other related groups. This minimizes the impact of the valuable data and information generated by the occupational health nurse on activities such as corporate policy formulation, benefit planning, or environmental exposure monitoring.
Most clinical systems do not support critical decision making because they do not possess the logic necessary to compare entries to established standards. Few systems incorporate location specific or legally required protocols as templates or "critical paths" for examination and! or biometric testing programs. Even fewer systems work interactively with the user to gener-ate "alert" messages when a procedure is inappropriate for a protocol or when a result is outside of the acceptable range.
Many systems do not organize the information provided into useful reports for the health care provider. Given the dynamic and often unpredictable nature of health, user defined or "ad hoc" reports are necessary to access, manipulate, retrieve, and analyze data that answer site specific questions.
Present systems frequently limit the user to structured language or "checklist" documentation that restricts the use of narrative text and may not reflect the quality or precise meaning of the desired entry. Narrative entries, although possible in some systems, may not be captured in databases as quantifiable elements. This limitation makes it difficult to generate a complete employee health picture, compare individual data to other client data, or aggregate data to observe group responses or results.
Many of the systems currently available are not multifunctional, requiring users to run concurrent programs to process data related to activities such as case management, clinical treatment, health promotion programs, surveillance, and health monitoring. It may be unrealistic to expect that singular systems will meet the needs of all practitioners in a specialty as diverse as occupational health or even one practitioner with a wide range of functions.
When multiple systems and! or programs are needed, few AUGUST 1994, VOL. 42, NO.8 CE ART I C L E clinical systems possess architecture that facilitates easy access and fluid integration. Systems that are not integrated often require the user to perform cumbersome, redundant log onl log off and set up procedures and maneuvers.
The import of data from systems external to the occupational health setting may also be a valuable, underutilized resource to the occupational health nurse. "Expert" databases, such as those provided by the National Library of Medicine (NLM) of the Department of Health and Human Services (USDHHS, 1992) , provide online access to large data banks, relevant literature, the most recent research findings, technical reports, and references that support decision making in the clinical setting. "Grateful Med," a function within the NLM, MED-LARS system, allows users to search expansive databases using many cross referenced subject headings and receive automatic responses downloaded directly to the receiving computer.
Most current systems are "process driven" and lead users to overlook the fundamental reason for data collection and management-to deliver the highest quality, most effective care to clients. Evaluation of a system should depend more on client outcomes and the ability of the nurse to positively influence them and less on the ability to document and tally procedures. Without the capacity to capture outcomes and relate them to interventions, it is difficult, if not impossible, to make assumptions about effectiveness or quality of care.
THE "NEXT GENERATION" CLINICAL INFORMATION SYSTEM
Five overall system characteristics that will be essential in information management systems of the future have been defined by the American Nurses Association, the National Commission on Nursing Implementation Project (NCNIP) Taskforce on Nursing Information Systems (Zielstorff 1993) .
Clinical systems must be flexible to meet changing requirements for information collection, manipulation, and retrieval. Flexibility will insure that systems can be tailored to the organization and allow for differences in conceptual frameworks, policies, and levels of expertise of users. If a system is flexible, evolving technology may be incorporated as it becomes available or as user conditions change.
Systems should foster linkages, or connectivity, to databases, peripheral technologies, or systems within other care settings. Sharing information is critical to the concept of developing comprehensive, longitudinal client records as proposed in current health reform legislation. Information collected, processed, and transmitted from the occupational health setting is essential in tracking health experience and identifying the needs of clients when they present for services in other delivery settings.
Systems must communicate with centralized databases by which norms and standards are set and by which client outcomes are evaluated. Integration of a variety of hardware will allow the clinical system to directly receive and incorporate data from laboratories, vendors, remote terminals of other health team members, and even clients.
Systems must be designed with human factors in mind. The language used to communicate between user and machine should be self explanatory and non-technical. Data will be captured as close as possible to the site of collection. The evolution of smaller, more mobile input devices such as the "notebook," laptop, or miniature hand held terminals will facilitate rapid entry and minimize time the occupational health nurse spends outside the immediate service area. Improved technology such as touch screens, bar code readers, scanners, light pens, mouse devices, and voice recognition will further streamline data entry procedures.
Outputs should be presented in variable formats, including spreadsheets and graphical charts and tables. Information presented visually allows for immediate recognition of significant individual and group results. Reports presented graphically demonstrate clinical data with greater clarity and are understood more easily by nonclinical recipients such as managers or administrators.
Security and confidentiality
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Each clinical team member must appreciate the full, potential benefits of implementing an advanced system and be willing to deal with the turbulence that often
. accompanies change.
of client and provider data should be protected through the development of more refined mechanisms that prevent unauthorized access and deletion of entries and code or strip identifiers before data are exported. These features will allow nurses to achieve the level of confidence necessary to share information freely across or outside clinical environments.
Nursing information systems of the future should demonstrate satisfactory performance in supporting the nursing process with minimal "downtime," "friendliness" toward the user, elimination of redundant proce-dures, and the ability to operate continuously, even in periods of peak use. Processing power and speed should facilitate data entry, manipulation, and retrieval and result in significant conservation of time and effort. Time saved may be spent on the more important tasks of interpreting, analyzing, and operationalizing information.
HOW TO GET FROM HERE TO THERE
Many barriers and obstacles stand in the way of achieving optimal systems and data handling processes which meet the complex information needs of nurses in the occupational health setting. The value of sophisticated, state of the art information management systems may not be recognized at the agency, program, or delivery level. A lack of understanding, training, or perceived benefit to practice may cause the occupational health nurse to resist use of an automated documentation process. Occupational health nurses currently entering practice may have an advantage, as an introduction to systems utilization is now incorporated into many graduate and undergraduate nursing education curricula.
For the experienced practitioner comfortable with traditional recordkeeping methods, an advanced clinical system must be introduced as a tool, an electronic "partner," and an enabler to efficient nursing practice. An environment that encourages creative approaches to managing data and provides support for users in the process of mas-tering new skills is essential. Each clinical team member must appreciate the full , potential benefits of implementing an advanced system and be willing to deal with the turbulence that often accompanies change.
The potential value of advanced clinical systems may also need to be demonstrated to program administrators and corporate managers. Aligning prospective system plans with the overall organizational mission and strategy will provide the basis for seeking commitments necessary to design, implement, and maintain an advanced clinical information system. Rising health care costs and increased health related legislation, carrying costly penalties for noncompliance, may influence administrative support for more efficient methods of monitoring health experiences of employees and identifying interventions that contribute to overall organizational productivity.
The absence of a standardized language among nurses and other health care providers is a barrier to creating consistent mechanisms for communication. Development of a uniform collection of essential health data elements and definitions will facilitate information transmission and recognition across and among organizations and specialties.
The nursing minimum data set (NMDS) is the first attempt to standardize the vocabulary used in the delivery of nursing services (Wer ley, 1988) . The ability to compare client specific data, interventions, and out- AUGUST 1994, VOL. 42, NO.8 CE ART I C L E comes across settings may allow the occupational health nurse to identify and deliver more effective health services. Development of a national or universal clinical information system is predicated on the ability to aggregate and exchange standardized, uniform data (Zielst or ff, 1993 ). However, without universally accepted and understood vocabularies, dictionaries , and lexicons, these linkages are subject to misinterpretation and misunderstanding.
The lack of standards by which data are classified, codified, and interpreted is a barrier to achieving effective management and sharing of nursing information. Systems of the future will be designed to support research and comparison of outcomes among specialties, care settings, and nations. The development of a national or universal clinical information system is predicated on the ability to aggregate and exchange standardized, uniform data (Zielst orff 1993 ).
A barrier to achieving optimal informatic capability is often lack of occupational health nurse input into the analysis and selection of the clinical information system. This may result in acquiring a product that does not provide the functionality necessary or reflect the information and integration needs of the service delivery team. To be an effective participant in that process, the occupational health nurse must be familiar with and understand system options and functionality.
APPLICATION TO OCCUPATIONAL HEALTH NURSING
The use of informatics in occupational health may contribute significantly to the ability of the occupational health nurse to develop and produce quality services. Use of the right data in the right way lays the foundation for setting more meaningful goals and objectives for the employee health service.
Collecting data, transforming it to information, and analyzing it for significance will allow the occupational health nurse to set the course for the occupational health service. Access to more complete data in useful formats will ensure development and implementation of programs that most appropriately meet the health needs of employees. Interventions driven or supported by data are more likely to result in the desired outcomes.
An advanced nursing information system is invaluable to the occupational health nurse engaged in the quality assurance/quality improvement process. Evaluation generates enormous amounts of data and requires complex analysis of relationships (Rowland, 1993) . These procedures are performed with precision and speed through statistical calculations programmed into many software programs. The results provide the basis by which the occupational health nurse determines the most effective practice patterns and the extent to which organizational objectives have been met.
Use of the principles of infor-matics can assist the occupational health nurse to more efficiently manage the occupational health service. Management functions, such as staffing, budgeting, and contracting, can be organized and executed with a higher level of accuracy and timeliness. More efficient use of limited resources, such as time, personnel, and materials, translates into significant savings and improved efficiency. Automation of familiar tasks, such as maintenance of the employee health record, saves staff time and effort and also improves consistency, organization, and access to both individual and group health information. Other administrative functions such as generating forms, scheduling appointments, or disseminating notices may be easily automated and result in improvement in both processes and products.
Use of informatics may contribute significantly to establishing the value of the occupational health service. Information may be used to calculate incidence and severity rates, to detect injury and illness trends, to identify health needs, to evaluate programs, to justify budgets, and to guide administrative decisions (Maciag, 1993) . Benefit and cost savings demonstrated through the use of employee and operational data serve as strong ration-
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ART I C L E ale for providing health services. Mechanization of occupational health information is no longer desirable but essential. The demand for recordkeeping, tracking health status over time, logging participants of training sessions, monitoring biological and environmental sampling activities, and recording occupationally related illnesses and injuries requires mechanisms that far exceed the capacity of manual processes.
Recent and proposed legislation, emerging issues in nursing, and trends in health care present significant information management challenges to the occupational health nurse. To meet these challenges, new and improved technologies for collecting, storing, manipulating, and retrieving occupational health information are necessary. Nurses must actively campaign for the development of systems, standards, and processes that support their informational needs and help to maximize the power of information.
CONCLUSION
Occupational health nurses must understand and appreciate the potential value of informatics to individual practice, the collective practice of occupational health, and the domain of nursing. Application of advanced systems by occupational health nurses will ensure that essential workplace health services are effectively documented. The resulting data will be transformed into information that becomes the knowledge base for future practice. 
ANSWER SHEET
